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Abstract

Lithium metal, as the most ideal anode material for rechargeable batteries, is an effective solution
for the challenges of future high-energy density storage demand. Nevertheless, the practical ap-
plication of lithium metal batteries suffers from the inherent limitations of pure lithium such as
excessive dendrites growth and sensitivity to the humid atmosphere in cycling and handling which
involves potential security concerns. This paper summarizes the research progress in designing
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air/water stabilized lithium metal cathodes at the manufacturing stage.
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1. 53|

WCAESR, W ARG 3 7 B it (LI Bs) HOR 2 i BER B BB TE AR R, S BT S prbs BT I m A5 4%
18, A DL A R R R e S AP NG K 1 R R . BH(Li) & R ) R A v R G b i B AR A, DL
B D GO R 4 e P T R R AR Sk v R R R i BE BT T SR PR A AR v T Rz —[1] [2] [3] [4]
[5]. ¥ EA 2060 mAh-mL ™5 3860 mAh-g ' ImFIB LL A&, AR AL i (S hrEE R E
~3.040 V) FIMIE 2 [ (0.534 g-cm ™) [6] [7] [8] [9] [10]. {HAE, 44 & Bt ) Sz B2 FH AT Ak T4 BRI 78 B B o
FT TR 1 P40 52 2 T2 PR A A 5 S 70 e 7 3 % A RS A Jek KR A 3o 2 v S o i 2 A K iy SR 1) %2
AR, XU ] RS S EUG . ORI RRIESE . SAh, 7R E IR IR R RO S A K R
PR A S B R A 1) R 2 — DA R r AR TR L AR ORI A i 4 e A 1
[11] [12] [13] [14]. BT EA, DN T SEBIAR & J@ riyb iR SE BRI, o DL B n /i, it s e s R s e,
RN R T REMSS F. ik B NI RV A 1) B4R R BT @R e S if (R 92 e 4 1
W/ WL R AR T 2 [15): 2) AEF A AR B A VL AR, TLAMARA bR & 7 oiRUT N, 12
ARG R I e A E[16]; 3) WITET AL M & R S, SGEHLES TUIRL7]; 4) RS a8 R,
B T8 E 48 S B AR VBT A K1) 18]

A, R JE 0 By R i AV AR BURGF R . — RO, SR TE T I AR AR,
BE A RIREIS 250°C UL L, THERIESIE 160°C LA EA MR . oA 5K AR F UK GER B
WA, et 5K B AR R ESU(2LI () + 2H,0 (g/l) = 2LIOH (s) + Ha (g)) [19] [20], #8477l s By B Al —
SRS L N e A BRI 2 4 1), X R BG4 8 SERR M IR R 2 —. flin, (E84JE L=
I E 2H 2 AR b R EAEAR IR RS /N T 1% T8 b AT, O i S AR AN 2SS I T B AR TR
SN A R E PR (1 ML U)X IRAE BUA [ LIBs A7 FEl i o200 2 LMBs 277 #i13&, 11
H AT Z B3 T 2R P A B i A7 2% A R ORI N 7 #6897 A P AN 5 M A

DRI, A SN 2 B o) AR 7 i3 i BB 4 s T T W ) B 1), SR 7 H AT VR M R R e g, 22
AFE: 1) £ BE ARG — ZICRMRMAHE: 2) WIESUENAL)E K% I &R 7k, et
WS AR NG 8 SR T 5, (R 4 et SRR B AN AL AR o
2. EFFIEMBEES/KTMRETRENEER AR

EAT, LIBs H R FH A SRR B B & 6ibl, JLAE P i FE—fon] LAZE TR OA SR kAT Bkah, Hb
LIBs AT FH (4 IE AP RE R LR, A AR AT DAYE T2 I P BOA B Hp AR e AT, X 140 5 7 i
ANAEFEERE, AFEHES . HEAER, AHE-ATRORERIT[21] [22] [23]. X TEE 8 fuilk (i
), —AAEE BT SR & B A SIS LE TR I E R (Noy O CO,y KM R RA &
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FERMiNE . I, By SRR SR ORGSR AE (RIS A A7 SR fie e B b 2 28 20 BR) 0 A
PEVEPR R AT X PR FE R LMBs 53U 1 LIBs 1 A P 1k A, 390 T 52 2% 1 A = D 3R,
$er 1 LMBs FBEAA A [24] [25] [26]. PRIL, i — MR R0 £ 2 B A e i3 0 B Bk
B, HHES) LMBs [ S -G R A HERE .

21. ESRETRENEERAR

N7 SEE R AR T A MR, SR H TR BRI R —REOU Rk, AR
PHEHR SR TSR A DR T 3R MR8 . 503 [H] B 7= A= I AR i 1) 32 T 21 R0 7 ] DLRE K A e Bt SR, T ol v FEE )
MEHIRIIAEL[27] [28]. Ht, W LAEE BE AR E —MERE M IE, 7TUHFR =S A
o+, BA B ESEENIAEE N Tk, MR DR S E RS AR SRR T
TR W7 AR T R R [29]. Yan BRI HRIE T —Fh AR 7 5 I H RO R AR I A SR il i
BEA NI AR S S P R E . 758 B O I 3R TH & T — A B AL R UL B 2 R AR B 2
(1 1(a))- AR TH AE v DME HAE SR sp K AR , FF H o] LR (E 8 AR AE (i 2R i F vp B e
fi LR SR o B B FR AT IR R BAEE 24 /N DL L, X bR A AR AR IH R B AL SO PERE . Li S5 N ik
FE SRR 2, BUNE R Z B B K T 58 . S ARG, B 4 o R 18 7 0% 5 e 7
B SRFHXRE > 30%) 12 /N UL L, ARS8 B L 5 p fse A H e i 3 = PR RE (] 1(b)) [30].
Cui NI R T — RFHH KRB S0 90K B S 9K BN . A S50 7 19 & vl LA 1B SR R
%, AFES. AR AWK F[31] . X Al ] 1 SR A R RS Sk 60% R A5 e PR AR AR E -

T —Fh PR FFER SR AR S SRR AR A ROV RIS SR NG E R B S EAE . RO R R
ER i, RRIERMRBTETE, JFHRXMALZEBARFH RS T4 S5, 7T D e
RUFi217[32] [33]. Yang %5 N ik ] 5 i S v A e 2 Al B iAR 17— 28R (AN, 1E N RS 2 KM
SR, B AR R T — AR AR, 7T DO k35 2R 1t — 25 23& (K 1(c))
[34]. X/NNE R RY EAETEA R SN E AR S 4 )2, T HASX S T2 AR, 3
SENIRIE T — P RIEE R AZ e Bk N, &R EE NN, Li,COz R & 4M5E[35]. Li,CO;
AFSESRAE CO, T NIRRT ), BDhHatifl 7B A S S 2 B B, SEBGER B, Li,CO5 Wi Z
— AN RIFH Li B3 BRI Z 0008 88 ™% 3+ H g5 SEE 1, B D2 U f# i (SSEs) 2 i T
HRIFWE S T SHEMESSIE N RN E M, EaeE ol rmasmames, BT —SEKsy
TIEE AR E MR, Ak A S Y AR . Yang &5 B R A B IR IR H AR 4 e AR, S AR 0
MEANLIHPEO)VMIRAREY . T EA RIFpy% AME, X PR 20T LA 80 28 5288 7 (1) J6 ok,
M H PEO BB RIFHIE TS, T MEBMEEY 1% 78 FE[36]. Yan £ NBR T —F&it i BRI A
TXUZHE, A DA & @ # O AE S SO EE R R EFFRE . TN Ho B A P 0 1 1 SR I R 1R 2 A 3R 1)
NI TCHLZ# e A & B BT B = S ol R B SR M AR 1 & 8 A8 LF-HH R i1 R (] 1(d))
[37].

22. KIFETRENEEB AR

T LIBs %7K 437 B A% 2R (<10 ppm) [38]. 4 Bt 17K 43 T — e =, Bh P
E TR TR, A TR SEN K SR, BB IERERARLNE B AL [39]. [R Ik LA 5T 0 3T
FEARH TR, U I E AR RS A AE TR S AT . X LMBs, JK7> T35 SRR =
TN E . KT LLS & B IE R, 4 LIOH, BEBUE H, MEKE#RE, X230 ER 240
R, RO R o H T R DT SR A 1 2 S B e P DR e, XN — T IR SR LMBs (i
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Li-O, HLt) R B 1 ERHIPRAR[40] [41]. BRlt, FEQRAESS TSR EMERIHTIR T, SEPUKIR AR E HOHE
G ARG LMBs FORRCIE AR, JF B RO AR BUK 2> & B EOR . Ak, eIl ml DLBE— 20 5wy R i
TEPAFESENE, AN T L8 BAT i e e % L AT 3K LMBs.
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Figure 1. (a) Lithium/graphite fluoride composites for the protection of lithium metal (left), and photographs of bare Li and
GF-LiF-Li exposed to air at 20%~35% relative humidity for different times (right) [29]; (b) Schematic of the fabrication of
Mg@Cg@Li and the contribution of the hybrid interface to improve the wetting resistance and cycling stability of the Li
-metal negative electrode [30]; (c) Digital photographs showing the stability of pristine Li (left) and Li/Al-10 (right) sheets in
ambient air (humidity: ~37%) for different times (0 min and 60 min) [34]; (d) Schematic diagram of air ambient stabilized Li
anode achieved by a stable bilayer film on a shaped and mechanically strong stabilized Li metal surface [37]

E 1 (@) BAEAKAEEAMHNERENRIFER(E), URRER Li 7 GF-LiF-Li ZEAEXHERE A 20%~35%H =S
P RETRERERE R (A) [29]; (b) Mg@C60@Li HIHIERERE, URREFENLE Li-g /& ARe B EME
FRREMMTTEL30]; () B/REIE Li (X)F LiIAI-10 (A)REREZS(EE: ~37%)F A ERTE(0 53 $hF0 60 4344)
RIFRE MRV BASER Fr[34];(d) ESRIMERRER Li SARBER MM EIRE Li @ BREMRENNEEREE[37]

HAEREOT, —NEKI . RIEM. R, BOEm . BA R K M 3 R TR 6 Jm
FEIZAT MU FH o RS2 7K PR J e b AT 2D (1) [42] [43] [44]. 523 S Eifa e BBl WA L, /KFRESFa e
BV U R Z 3R T S R R E R ERLK S TIH B LRSS Lit. BIE T ZAE 7R/
IEFE B A R 2, SRR Z R AL[45] [46]. (EXJTTH, BOLCAMR T L RERRYZ, W
DU 42 J8 A AE H i AR AN R RE AN 2K Ay T IR ke S5 N T — MR, BUSERYE .
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ZIRY )2 H Ge. GeOy. LiOH. LiCOs. LiO dfk, S8l 7 4R fibk Azl v, RIf#7E/K & & &i& 10,000 ppm
(1) LA o Tt R IR R AR (] 2(a)) o IXANERE] 0 ORI v PR B ] LA A SR I ARG, A4 8 67 il
TE Li-Op 4 SR AR AR H it #B AR IR I . SR A2 71 — P SR PE KRB M AR e R S ikt R e
TMAAIEEGF R ERE. R, eI R ZEE 7L IR, Bk, H i 2R A B iR B
IE47(>50°C). Mk, AWM BRI E M TATE S B R 5 . RSN T —Fpdase s
TV R ) AR TR (R L A7 o 3K B35 7K 2 R R T R RS ok, i v T Li-O, FRIB I IR R AR E T
RV LA B (] 2(D)) [47]. BEEE NG5G AR B 5 -G R M B o R AU A0, G I FT A8 PRI A VA TE 42
J& SR T T — /N AR s 8 7 i S R MR B & TR 2 . 2R 5 ) bl 5 7K B e iy
AT AR FERR T 120 FPET[A1[48] 0 1 (R4 216 IR IE P I 72 ot T AR e BB T O &, (IR TR R 50 ()4
= (1A 2(c)).
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Figure 2. (a) Schematic diagram of plated/stripped lithium in different environments without and with a protective layer, and
sealed vials of lithium protected immediately after exposure to solutions containing different amounts of H,O and after 1 h of
exposure [45] [46]; (b) Scheme of waterproof lithium cathode fabrication process, photos of exposed lithium and waterproof
lithium flakes after exposure to a drop of water [47]; (c) Schematic diagram of PDDA-TFSI@L.i fabrication process, photos
of PDDA-TFSI@L.i after dropping water drops at different times [48]

E 2. () ERERPEMNERIFENAEIFETHEERSERER, UREEMESEREE H,0 WiRREED
MBE L /DITEHRIPAER I R[45] [46]; (b) BIKEBEARFMELZA R, B—KkEEEPIMNERENER
FBAKSEREBF[47]; (c) PDDA-TFSI@LI #l{Eidi2/REE, PDDA-TFSI@Li 7EA [ERTiE)# Tk E a8 F[48]
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FIROREL, A5 R < Sl R AR T OA 5 rp S R A D7 el R N Tl — MR R 28T, 3K
IIARE BRI RS, FE i RGP MBSO RYZ, 2 H15 58 ALt ) RE 5 B AN A 77 T H B — i
Bi[49]. PAUE, IXUEAR G AE IR R R R ORI BTN AN S B LMBs e 5 LS (5 it A
ARABIE o JEIL AT LSS A R R A 0 SR A7 2 8t S N B LA SE A Rl VR T RS ) DR 7 R AT BE N 53
[50] [51]- [ AR ORI /= FT BEAE PRI B S MK S 32 25 AU oy AV AR PR e A B (4 2 1P AL O HLth
R/ B R BE R A B A B UVA[52] . AR, AR LR BTUE )R E MR A AE 25 pm DAY (55 8
R celgard FREAHEL), IXXEHORSEE T 2R, Kk, [ AR BUIN TEAR D Rl 3t
TR AR TR & . ASSLMBS K o A SR A i) 2R K

3. RESRE

ZREPTE, AT IAEEAK I B 5 T R G IR 1 H AT AR ] R sk i e iR . o TR R
MG MR g JE B o, BRI, e PRI E — N BRI AR hRe M i, W] A Rt
TR B TR e SRAh, KPR AT R R AL B S A A T A L A K B b
W15 — A RORAE . HERER L =D 1) B BUKMUER, (X2 TEOKEA R
M52tk 2) FoA 2 LiTi SR, Mabgis b icir; 3) Mg pibsfsiE. bTE
PRERI R A S RE RS . RIAFH LT SR R LIRS, T RS2 i i RO REAT R .

oM
R K [ AR 5 RINT 2548 1 SRR A S B B
E&ME

B 5K H AR 42 (52071226), VL7548 HAARHFHE4:(BK20201171) .
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